A Gram-stain-negative, rod-shaped bacterium, forming yellow colonies and designated CDR SL 15 T , was isolated from the surface of Padina sp., a brown macroalga, which grows in the Western coastal regions of the state of Goa, India. The 16S rRNA gene sequence phylogeny placed the strain in the genus Luteimonas and it showed closest sequence similarity to Luteimonas terricola BZ92r T (97.6 %) and <97.0 % to other species of the genus Luteimonas.
The genus Luteimonas belongs to the family Xanthomonadaceae (Saddler & Bradbury, 2005) , which comprises 23 genera with validly published names at the time of writing. The genus Luteimonas was first described by Finkmann et al. (2000) as comprising aerobic, Gram-staining negative cells, which form yellow colonies on tryptic soy broth agar (TSBA) and nutrient agar (NA). Currently, the genus comprises 11 species with validly published names (http://www. bacterio.net/-luteimonas.html) isolated from various habitats i.e. freshwater, Luteimonas aquatica (Chou et al., 2008) , Luteimonas huabiensis (Wu et al., 2013) , marine habitats, Luteimonas marina (Baik et al., 2008) , Luteimonas aestuarii (Roh et al., 2008) , Luteimonas lutimaris (Park et al., 2011) , Luteimonas vadosa (Romanenko et al., 2013) , Luteimonas abyssi (Fan et al., 2014) , soil, Luteimonas terricola (Zhang et al., 2010) , plant leaf, Luteimonas cucumeris (Sun et al., 2012) , waste treatment plants, Luteimonas mephitis (Finkmann et al., 2000) and Luteimonas composti (Young et al., 2007) . In this paper, we report the isolation and description of a novel strain, which, we suggest, represents a novel species of the genus Luteimonas. This strain was isolated from the surface of an intertidal marine macroalgae.
The algal samples were collected from the intertidal region of sea water, in Cabo de-Rama beach, (15˚06.313¢ N 0735 5.437¢ E) off the western coast of India in the state of Goa. The algal sample (Padina sp.) was washed in sterile artificial sea water (ASW; Kester et al., 1967) to remove loosely attached bacteria and then approximately 1 g was taken in a sterile falcon tube containing autoclaved ASW, vortexed for 5-10 min to detach the epiphytic bacteria and serially diluted. The dilutions were plated on marine agar (MA; HiMedia). The plates were incubated at 30 C for 2-4 weeks. One yellow colony, labelled CDR SL 15 T , was picked, subcultured and incubated for 24-48 h. The culture was preserved in 10 % (v/v) glycerol in 2 ml cryo vials in triplicate at 
À80
C. Morphological tests such as Gram-staining and endospore staining were performed as in standard protocols (Smibert & Krieg, 1994) . The size, shape and motility of the cells were determined by observing the cells under a phase contrast microscope (Olympus; BX 51TRF) at 100Â magnification Bowman et al. (1997) . Growth under anaerobic conditions was determined in GasPakEZ anaerobic pouches (BD). The oxidase and catalase tests were performed by using oxidase discs (Hi-media) and 3 % (v/v) H 2 O 2 respectively (Smibert & Krieg, 1994) . Biochemical characterizations, such as indole production, methyl red, VogesProskauer and nitrate reduction tests were determined as described earlier (L anyi, 1987) . Physiological parameters, such as temperature, pH and NaCl ranges for growth were determined in marine broth as described earlier (Verma et al., 2015) . The other enzymatic and phenotypic characters were determined by using API 20E, API 20NE and API ZYM kits (Biomeri eux) and GEN III microplates of the OMNI-LOG microbial identification system (Biolog), according to the manufacturers' instructions. The antibiotic susceptibility tests were performed on MA plates using discs (HiMedia) containing the following antibiotics: amikacin (30 µg), amoxycillin (10 µg), ampicillin (10 µg), ciprofloxacin (5 µg), co-trimoxazole (25 µg), erythromycin (15 µg), gentamicin (10 µg), nalidixic acid (10 µg), nitrofurantoin (300 µg), norfloxacin (10 µg), penicillin (10 units) and vancomycin (30 µg). Resistance and sensitivity were read as the presence or absence of zones of inhibition around the discs. The plates were incubated at 30 C for 48 h.
For the analysis of polar lipids and quinones, the cells were grown on marine broth for two days in a shaker incubator at 200 r.p.m. Cells were harvested by centrifugation in a R10A3 rotor (Hitachi) at 17 000 g. Isoprenoid quinones were extracted and purified as described by Saha et al. (2005) . Extraction of polar lipids was carried out based on the protocol of Bligh & Dyer (1959) . Two-dimensional TLC was run for the detection and identification of polar lipids, according to procedures described by Komagata & Suzuki (1987) and Krishnamurthi et al. (2009) , respectively. Fatty acid methyl esters were prepared (from late log-phase cells) and analysed by using the rapid method of the Microbial Identification System (MIDI-Sherlock version 6.1, library RTSBA6) as described by Pandey et al. (2002) with an Agilent GC 7890. The genomic DNA of strain CDR SL 15 T was isolated according to the method described by Pitcher et al. (1989) . The 16S rRNA gene was amplified by PCR using the universal primers, 8-27F (5¢-AGAGTTTGATCCTGGCTCAG-3¢) and 1492R (5¢-TACG-GYTACCTTGTTACGACTT-3¢). Amplification and purification of the product was performed as described previously (Pandey et al., 2002) . The amplified 16S rRNA gene was sequenced by the dideoxy chain terminator method using a Big Dye terminator kit followed by capillary electrophoresis on an ABI 3130 Genetic Analyzer (Applied Biosystems). The primers used for sequencing were 685r (5¢-TCTACGCATTT-CACCGCTAC-3¢), 533f (5¢-GTGCCAGCMGCCGCGGTAA-3¢) and 1492r. The sequence determined was analysed by comparing it to known sequences present in the Eztaxon database using Eztaxon-e-server (http://eztaxon-ezbiocloud.net; Kim et al., 2012) . Phylogenetic and molecular evolutionary analyses were conducted using MEGA version 6.0 (Tamura et al., 2013) . Matrix assisted laser desorption/ionization spectrometry (MALDI-TOF) was performed as described by Verma et al. (2015) . Genomic DNA for hybridization and DNA G+C content determination was extracted using a Genomic tip 100/ G kit (Qiagen). The G+C content of the genomic DNA was spectrophotometrically determined in a Lambda 35 spectrophotometer (Perkin Elmer) using the thermal denaturation method (Mandel & Marmur, 1968) . The DNA-DNA hybridization experimentation was carried out between the strains Luteimonas padinae sp. nov. CDR SL 15 T and L. terricola DSM 22344 T using the membrane filter method (Tourova & Antonov, 1987) , as described by Reddy et al. (2003) with the modifications mentioned in Verma et al. (2015) .
The cells of strain CDR SL 15
T were Gram-stain-negative with no endospores, were non-motile (with no gliding motility) and strictly aerobic in nature. The details of the comparative biochemical characteristics of the strain and its closest relatives are presented in Table 1 , indicating that the novel strain showed differences in physiological characteristicssuch as temperature range and optimal temperature for growth, optimum salinity for growth, and biochemical parameters such as oxidase activity, nitrate reduction, hydrolysis of polymers, acid production, oxidation of a few substrates and enzyme production. Strain CDR SL 15 T did not grow at temperatures below 15 C, while its most closely related species, L. terricola DSM 22344 T , is a psychrophilic bacterium with the ability to grow at temperatures below 4 C. Additionally, the strains exhibited differences in antibiotic resistance profiles towards amoxicillin, co-trimoxazole, nalidixic acid, nitro furantoin and vancomycin, and in the oxidation of substrates in the OMNILOG GENIII system (Tables 1 and S1 , available in the online Supplementary Material).
The major fatty acids were iso-C 15 : 0 and summed feature 9 (a mixture of C 16 : 0 10-methyl and iso-C 17 : 1 !9c), whereas iso-C 16 : 0 and iso-C 11 : 0 were present in moderate quantities. This pattern is typical for species of the genus Luteimonas and is as reported by other authors ( Fig. 2 . Evolutionary relationships of taxa. The evolutionary history was inferred using the neighbour-joining method (Saitou & Nei, 1987) . The optimal tree with the sum of branch length=2.12030173 is shown. The percentage of replicate trees in which the associated taxa clustered together in bootstrap tests (1000 replicates) are shown next to the branches (Felsenstein, 1985) . The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed using Kimura's 2-parameter method (Kimura, 1980) and are in the units of the number of base substitutions per site. The rate variation among sites was modelled with a gamma distribution (shape parameter=1). The analysis involved 88 nucleotide sequences. All positions with less than 95 % site coverage were eliminated. That is, fewer than 5 % alignment gaps, missing data and ambiguous bases were allowed at any position. There were a total of 1246 positions in the final dataset. Evolutionary analyses were conducted in MEGA 6 (Tamura et al., 2013) . Only the subtree with the sequence of strain Luteimonas. padinae sp. nov. CDR SL 15
T and closely related sequences are shown here. Circular symbols represent nodes recovered in the neighbour-joining, maximum-parsimony and maximum-likelihood trees. Wedges represent nodes recovered only in the neighbour-joining and maximum-likelihood trees. Only bootstrap values !70.0 % are shown. acid, a-keto-butyric acid, sodium butyrate, sodium bromate and produce negative results in the indole, methyl red and Voges-Proskauer tests; they were also negative for starch hydrolysis, lipase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, N-acetyl-b-glucosaminidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase, and not resisistant to cephadroxil, ceftazidine and cloxacillin.
Q-8 was the only ubiquinone present in all three strains. For strains 1, 2 and 3, acid production was determined from sterile sugar discs (Hi-Media) suspended in 200 µl broth medium in 24-well sterile microtiter plates. The time of incubation was 24 h for API kits and 72 h for polymer hydrolysis and acid production. +, Positive; À, negative; W, weakly positive; S, slow reaction; NR, not reported. et al., 2010; Park et al., 2011; Fan et al., 2014; Mu et al., 2016) . Compared to L. terricola DSM 22344 T , L. padinae sp. nov. CDR SL 15
Zhang
T contained higher amounts of iso-C 17 : 0 and iso-C 16 : 0 (Table 2 ). The two dimensional polar lipid profile showed that diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylethanolamine (PE) and one unidentified phospholipid (PL1) are the major lipids and three unidentified lipids (UL3, PL2-3) are present in moderate amounts with two unknown lipids (UL1, 2) being present as only minor components (Fig. 1) . Comparatively, L. terricola sp. nov. DSM 22344 T showed a much simpler profile with the presence of DPG, PG, PE and one unknown lipid (UL) with an R f value different from the unknown lipids of strain CDR SL 15 T (Fig. 1) . Ubiquinone-8 was the only quinone detected; L. terricola sp. nov. DSM 22344
T was used as a control and it also had the same molecule present. MALDI-TOF analysis revealed the presence of unique peaks in both strains L. padinae sp. nov. CDR SL 15
T and L. terricola DSM 22344 T (Figs S1 and S2), further justifying separate species status for the novel strain described here.
BLAST (Altschul et al., 1990) analysis on the EzTaxon server revealed that the strain Luteimonas padinae sp. nov. CDR SL 15 T showed highest sequence similarity to L. terricola DSM 22344
T with a value of 97.6 %. Similarities to other species of the genus Luteimonas was below 97.0 %. Phylogenetic analysis, based on 16S rRNA gene sequences, placed the isolate within the genus Luteimonas with L. terricola DSM 22344 T as its closest relative, supported by high bootstrap values (Fig. 2) . The type species of the genus is L. mephitis DSM 12574
T was also present in the same clade (consisting of six species of the genus Luteimonas) and the topology of the tree was identical using the neighbour-joining, maximum-parsimony and maximum-likelihood methods. Some interesting observations were discernible, the species Lysobacter panaciterrae DSM 17927 T (GenBank accession no: AB245359) was consistently recovered as a member of the genus Luteimonas, when small or large sets of sequences were used in analyses. Moreover, this branching pattern was stable when different out-group sequences (data not shown) and methods (maximum-parsimony and likelihood) were used for tree reconstruction (Fig. 2) . Interestingly, in the original paper (Ten et al., 2009 ) the tree depicted retrieved the species outside of the genus Lysobacter. It appears that this species has been wrongly identified in the genus and its exact taxonomic placement requires further investigation. DNA-DNA hybridization values indicated a level of genomic relatedness of 40 % when genomic DNA from strain Luteimonas padinae sp. nov. CDR SL 15
T was used as a probe and it was 44 % when DNA from L. terricola DSM 22344
T was used as the probe. This low level of relatedness is well below the 70 % cut off value recommended for delineation of bacteria species and the strain showed less than 97 % 16S rRNA gene sequence similarity with other species of the genus Luteimonas (Stackebrandt & Goebel, 1994) , so DNA-DNA hybridization with other strains was not necessary. The DNA G+C content was determined to be 73.4 mol%, which was within the range previously reported for species of the genus Luteimonas (64.7-73.9 mol%).
On the basis of 16S rRNA gene sequence phylogenetic analysis, biochemical characterization and DNA-DNA hybridization, strain CDR SL 15 T should be classified as a novel species of the genus Luteimonas, for which the name Luteimonas padinae sp. nov. is proposed.
Description of Luteimonas padinae sp. nov.
Luteimonas padinae (pa.di¢nae. N.L. gen. n. padinae of Padina a genus of brown algae, from which the strain was isolated).
The cells are Gram-stain-negative, strictly aerobic, non-motile with no gliding motility, rod-shaped, ranging in size from 0.6-1.0Â0.1-0.3 µm. The cells form yellow, circular, smooth and viscoid colonies on marine agar medium at 30 C after 24 h. Growth appears on marine agar media plates between 24-48 h at 30 C (optimum range 30-35˚C). The pH required for optimum growth is 7.0-7.5 (grows at a pH range of 5.0-9.0). Grows in NaCl concentrations ranging from 0-4.0 % (w/v), with optimum growth at 2.0 % (w/v). Positive for catalase and oxidase. Negative for starch, casein and esculin hydrolysis, production of indole, H 2 S, arginine dihydrolase, ornithine decarboxylase, lysine decarboxylase and acetoin. Susceptible to: amikacin, ampicillin, amoxicillin, cefoparazone, ciftriaxone, chloramphenicol, ciprofloxacin, erythromycin, gentamycin, nalidixicacid, netillin, norfloxacin, penicillin, tobramycin and vancomycin. The major cellular fatty acids were iso-C 15 : 0 and summed feature 9 (C 16 : 0 10-methyl and iso-C 17 : 1 !9c) with moderate amounts of iso-C 17 : 0 and iso-C 16 : 0 . Q-8 is the major ubiquinone. The major polar lipids *Summed features represent groups of two or three fatty acids that could not be separated by the MIDI-GC Sherlock system. Summed feature 3 contains C 16 : 1 !7c/C 16 : 1 !6c and 9 contains C 16 : 0 10-methyl/iso-C 17:1 !9c. †Data from present study.
are diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol and one unidentified phospholipid.
The type strain CDR SL 15 T (=DSM 101536 T =KCTC 52403 T ) was isolated from the surface of Padina sp., a brown macroalga present in the coastal regions of Goa, India. The DNA G+C content of the type strain is 73.4 mol%.
